NASA Technical Memorandum 105607 


e t>9 vr 


METCAN Demonstration Manual 
Version 1.0 


H.-J. Lee and P.L.N. Murthy 
Lewis Research Center 
Cleveland, Ohio 


April 1992 


LIMITED DISTRIBUTION DOCUMENT 

Because of its significant technological potential, this infor- 
mation which has been developed under a U.S. Government 
program is being given a limited distribution whereby 
advanced access is provided for use by domestic interests. 
This legend shall be marked on any reproduction of this 
information in whole or in part. 

Date for general release April 1994 


NASA 


METCAN DEMONSTRATION MANUAL 

VERSION. 1.0 
JANUARY 1992 


Prepared by: 

H.-J. Lee and P.L.N. Murthy 
NASA Lewis Research Center 


Cleveland, Ohio 44135 


Table of Contents 


1.0 Introduction 1 

1.1 METCAN Overview . ... 3 

f 


1.2 METCAN Input File Data Records 6 

1.3 METCAN Micromechanical Unit Cell and Subregions 8 

2.0 Static Analysis 9 

2.1 Problem 1: Longitudinal Stress-Strain Behavior of a Cross-Ply 

Laminate Subjected to a Longitudinal Tensile Load at Room 
Temperature 10 

2.2 Problem 2: Longitudinal Fiber Modulus Variation of a 
Unidirectional Laminate Containing Temperature Gradients 
Through-the-Thickness and Subjected to a Pressure Loading ... 15 

2.3 Problem 3: Matrix Shear Strengths in an Angle-Plied Laminate 
with Ply Thickness Variation Subjected to Combined Moment 

and Shear Loads at an Elevated Temperature 20 

2.4 Problem 4: Transverse Matrix Stresses in an Angle-Plied 

Laminate Subjected to a Nonlinear Transverse Compressive 
Loading with Increasing Temperature 25 


i 



3.0 Cyclic Analysis 


31 


4.0 


3.1 Problem 5: Longitudinal Stress-Strain Behavior of a Cross-Ply 

Laminate Subjected to Thermal Cycling 

3.2 Problem 6: Longitudinal Stress-Strain Behavior of a Cross-Ply 
Laminate Subjected to Tension-Tension Mechanical Cycling . . 

3.3 Problem 7: Longitudinal Stress-Strain Behavior of a 

Cross-Ply Laminate Subjected to Tension-Compression 
Mechanical Cycling 

3.4 Problem 8: Longitudinal Stress-Strain Behavior of a Cross-Ply 

Laminate Subjected to Thermo-Mechanical Cycling 

Complete Output File 

4.1 Default Output 

4.2 Reference Constituent Properties (PROPREF) Output 

4.3 Load Step Details (LDSTEP) Output 

4.4 Constituent Failure Index (FLINDEX) Output . 

4.5 Finite Element Analysis Data (FEMDATA) Output 

4.6 Ply Stresses and Strains (PLYSTRS) Output 

4.7 Laminate Stress- Strain Relationship (STRSTRN) Output . . . 

4.8 Force Displacement Relations (CONSTI) Output 


32 

37 

42 

47 

52 

55 

70 

73 

75 

77 

81 , 
83 . 

85 


u 


87 


4.9 Reduced Stiffness Matrix (REDSTEF) Output . . . 

4.10 Displacement Force Relations (DISPFOR) Output 89 

4.11 2-D and 3-D Laminate Properties (PROPCOM) Output 91 

4.12 Current Constituent Properties (PROPCUR) Output . . . 93 

4.13 Constituent Stresses and Strains (MICRO) Output 102 

4.14 Ply Thermomechanical Properties and Response (PLYRESP) 

Output Ill 

4.15 Stress Concentrations Factors (STRCON) Output 114 

4.16 Notation and Units 116 

5.0 Constituent Databank for Demonstration Problems 120 

6.0 References 124 



1.0 Introduction 


METCAN (Metal Matrix Composite Analyzer) is a computer program developed at 

? # 

NASA Lewis Research Center (References 1-3) to simulate the high temperature 
nonlinear behavior of continuous fiber reinforced metal matrix composites. METCAN 
incorporates constituent material models along with composite raicromechanical and 
macromechanical models to allow a comprehensive point analysis of the composite 
thermal and mechanical behavior. 

The following sections contain problems demonstrating the various features and capabili- 
ties of METCAN. Each demonstration problem is complete and independent of the 
other problems. The general format for each problem contains brief descriptions of the 
problem, model, loading history, and a complete listing of the corresponding input file. 
Section 3.0 will begin with an overview of METCAN, followed by a brief review' of the 
input file and the micromechanical unit cell model. Section 2.0 will, contain static 
problems using the linear and discrete loading history options, while section 3.0 will 
feature problems demonstrating the cyclic analysis. Section 4.0 will show* a complete 
output file, while section 5.0 will list the constituent databank used for the problems in 
this manual. 

For more detailed discussions regarding the methodologies implemented in METCAN, 


♦ 
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the reader is referred to the METCAN User’s Manual (Reference 4) and the upcoming 
METCAN Theoretical Manual. The Demonstration Manual is not intended to be a 
stand alone manual and should be used in conjunction with the other manuals. Addi* 

- tional information regarding METCAN and the efforts to validate and verify the code 
can be found in References 5-9. 


1.1 METCAN Overview 


High temperature metal matrix composites offer great potential for use in advanced 
aerospace structural applications. The realization of this goal however, requires concur- 
rent developments in (1) a technology base for fabricating high temperature metal matrix 
composite structural components, (2) experimental techniques for measuring thermal and 
mechanical characteristics, and (3) computational methods to predict their behavior. In 
the development of high temperature metal matrix composites, it proves beneficial to 
initially simulate their behavior through computational methods. In addition to providing 
an initial assessment of the metal matrix composite, this method helps to minimize the 
costly and time consuming experimental effort that would otherwise be required. 

Recent research into computational methods for simulating the nonlinear behavior of 
high temperature metal matrix composites at NASA Lewis Research Center has led to 
the development of the METCAN (Metal Matrix Composite Analyzer) computer code. 
METCAN treats materia] nonlinearity at the constituent (fiber, matrix, and interphase) 
level, where the behavior of each constituent is modelled using a time-temperature-stress 
dependence. The composite properties are synthesized from the constituent instanta- 
neous properties by making use of composite micromechanics and composite macromec- 
hanics models. Factors which affect the behavior of the composite properties include the 
fabrication process variables, the in-situ fiber and matrix properties, the bonding between 
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the fiber and matrix, and/or the properties of the interphase between the fiber and 
matrix. The METCAN simulation is performed as a point-wise analysis and produces 
composite properties which can be incorporated into a finite element code to perform a 
global structural analysis. After the global structural analysis is performed, METCAN 
decomposes the composite properties back into the localized response at the various 
levels of the simulation. At this point the constituent properties are updated and the 
next iteration in the analysis is initiated. This cyclic procedure is referred to as the 
integrated approach to metal matrix composite analysis and is depicted in figure 1.1-1. 
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Figure 1. VI —Integrated approach to metai-matrix composite analysis. 
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Figure 1.1-2 shows the modular structure of METCAN. In the development of MET- 
CAN, emphasis has been placed on maintaining a modular software structure and in 
providing a user friendly interface. The code features (1) a dynamic storage allocation 
scheme for efficient use of computer resources, (2) a resident databank of constituent 
material properties, (3) user selected control of the printed output, (4) generation of 
postprocessing files for convenient graphical representation, (5) an input file structure 
which provides a straightforward user interface, and (6) separate modules containing the 
failure criteria, the material model, the composite micromechanics analysis, and the 
laminate analysis which are incorporated into METCAN. 



Figure 1.1-2— Modular structure of METCAN. 
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1.2 Input Data Records 


The METCAN input file structure provides a straightforward user interface. The input 
file is organized into different records in' a specific order. Each record in the input file 
must be ordered as they are defined in figure 1.2-1, where each record can be composed 
of one or several physical lines of data. Each line of data has a fixed format of ten 
eight-column fields (except for the title and comment records). The usual convention is 
that each record is identified by a character mnemonic in the first field of the data. The 
character mnemonics and other alphanumeric data are entered with character format 
(A8), while integer data are entered in integer format (18). Real data can be entered in 
either floating point (F8) or exponential (E8) formats. Alphanumeric, integer, and 
exponential formats must be right justified, while the floating point format can be entered 
anywhere in the appropriate field. Figure 1.2-1 describes the individual records required 
in the input file, the mnemonic which identifies the record, the number of lines of data 
wh;ch comprise each record, and the order in which each record is read by METCAN. 
Detailed information regarding each record can be found in the METCAN User’s 
Manual (Reference 4), which should be read prior to the Demonstration Manual in order 
to benefit most from the various demonstration problems. 
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No mnemonic - 1 line 


Execution options 

1 . POST • 1 line 

2. L0DIST-1 line 

Phf description 
PLY - 1 line for each ply 

Composite material system 

WATCRD - 1 line for each material' 

Cumulative load cycles 

CYCLES • 1 line 

Output report options 

1 . PRINT or OPTION • 1 or more lines 

2. PRINTOPT • 1 line 

Fiber-matrix Interohase 
INTRFACE-1 line 
Analysis load history 

TMLOAD 

1 . Generalized table form - 3 or more lines 
or 

2. Simplified table form - 6 or more lines 


Figure 1.2-1.— Composition of the primary input data file. 
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13 Micromechanical Unit Cell and Subregions 


There are two alternative versions of the generic unit cell model used in METCAN, as 
shown in figure 1.3*1. A typical unit cell consists of a fiber and a matrix with or without * 
an interphase. The unit cell is further subdivided into two or three subregions depending 
on the presence of an interphase. If an interphase is present, subregion A consists 
entirely of matrix material, subregion B consists of matrix and interphase, and subregion 
C consists of fiber, matrix, and interphase. If there is no interphase, only two subregions 
exist. Subregion A consists entirely of matrix material, while subregion C consists of fiber 
and matrix, and subregion B does not exist; The user is expected to be familiar with the 


unit cell terminology described here in order to interpret the printed output. 


A: Matrix 

B: Matrix and interphase 
C: Matrix, fiber, and interphase 


Regions of 
constituent 
material 

nonuniformity — < 




V- Matrix 


' 1 - Interphase 



2 


(a) Unit cell with an Interphase. 



(b) UnH cell without an interphase. 
Figure 1.3-1 .--METCAN generic unit cells. 
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2.0 Static Analysis 


Four problems highlighting various features of METCAN for static analysis are present- 
ed. Three of the problems involve a linear loading history, while the fourth problem 
utilizes a nonlinear loading history. All problems begin with a fabrication process 
simulation to account for any residual effects. The first demonstration problem simulates 
the longitudinal stress-strain behavior of a cross ply laminate subjected to a longitudinal 
tensile load at room temperature. The second problem tracks the variation of longitudi- 
nal fiber modulus in an angle plied laminate under a pressure load containing a tempera- 
ture gradient through the thickness. The third demonstration problem shows the matrix 
shear strengths at different points in the loading history for an angle plied laminate under 
a combination of moment and shear loads at an elevated temperature. The fourth 
problem shows the development of transverse matrix stresses at different points in the 
loading history for an angle plied laminate subjected to a nonlinear transverse compres- 
sive bad with increasing temperature. 
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2.1 Demonstration Problem 1 


Description: Longitudinal Stress-Strain Behavior of a Cross-Ply Laminate Subjected to . 
Longitudinal Tensile Load at Room Temperature 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A cross-ply laminate 

(2) An interphase between the fiber and matrix 

(3) Laminate stress-strain behavior 

> ' 

(4) A linear loading history 

(5) A monotonic longitudinal tensile loading 

(6) Residual effects arising from processing 

Model Description: 

A cross-ply [0/90] s laminate composed of silicon carbide (SiC) fibers and a titanium (Ti- 
15V-3Cr-3Al-3Sn) matrix is modelled. An interphase with a thickness of 5% of the fiber 
diameter is used. The interphase moduli and strengths are taken as 25% of the respec- 
tive matrix values. All other interphase properties are assumed to be equal to their 
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corresponding matrix values. Each ply has a fiber volume ratio (FVR) of 35%, a void 
volume ratio (WR) of 0%, and a thickness of 0.005 inches. The laminate configuration 
is shown in table 2.1-1. 


Table 2.1-1: Laminate Configuration 


Ply Number 

Angle 

Thickness 

FVR 

WR 

1 " 1 — 
Fiber/ 

Matrix 

i 

O' 

0.005" 

0.35 

0.0 

SiC/ 






Ti-15-3 

2 

90' 

0.005" 

0.35 

0.0 

SiC/ 



r 


* 

Ti-15-3 

3 

90' 

0.005" 

0.35 

0.0 

SiC/ 





, 

Ti-15-3 

4 

0' 

0.005" 

0.35 

0.0 

SiC/ 


• 




Ti-15-3 


Loading History; 

The loading history for this problem is divided into two linear segments as shown in 
figure 2.1-1. The first segment simulates the processing of the laminate as a cool down 
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from the processing temperature (1600 *F) to room temperature (70 *F) in the absence of 
mechanical loads. The second segment models the application of a 2700 Ib/in longitudi- 
nal tensile load (N x ) at room temperature. The first segment is divided into 45 load 
steps and the second segment into 25 load steps for a total of 70 load steps in thie 
simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 2.1-2. Comment 
records, denoted by a ’$’ in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The room temperature stress-strain behavior of the SiC/Ti-15-3 laminate subjected to a 
longitudinal tensile load is shown in figure 2.1-3. The nonlinear stress-strain behavior 
depicted in the figure demonstrates the ability of METCAN to capture the nonlinear 
behavior of metal matrix composites. 
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nVZkH DtKOKSTMTJO* PftOllD< 1 
} he postprocessing flits requested, 
res* 1 

S ho loss redistribution option. 
iDOis- r 

\ pu details: ply no. naterd no, orientation and thickness. 

K' \ 1 0. .005 

Pl> 2 1 00. .005 

PIT 3 1 . to. .005 

PL' 4 l 0. .005 

S Kite** a' details: wtc^O nc, tv”, vvr and flber/wtrl*. 

s: l .35 0.S1CA7JI5 

j n *Mbt* o' mechanical and thermal cycles requested. 

OCIES 1 1 

) Output reouests. 

PPIN* AU 

S Print output at all load steps. 

PP1M0M US7 

1 lnteT'as* details. 

1 .05 

s shifted table Input. 

TnuOa: 

S First loading segment: processing. 

} Start tint , end tine , and fuller of Increments for processing 

0. 200:. 4$ 

S Tccrfiture in each ply at the beginning and end of processing. 

it;;, uc:. ieoc. ieo:. 

7.*. 7C. 70. 7C. 

J *e:na-’cal loads at the beginning and end of the processing. 

0. C. C. 0. C. C. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. C. 0. 

S Second loading segment: application of longitudinal load. 

J Ste-t tin*, end tine ,and nu*t>er of Increments for loading. 

200'. 400C. 25 

S lece^ature m each ply at the beginning and end of loading. 

7C. 70. 70. 70. 

7C . 7C . 70. 7C. 

J Mecnarical loads at the beginning and end of loading. 

0. C. 0. 0. 0. -0. 0. 0. 0. 

2700, C. 0. 0. C. 0. 0. 0. 0. 

S End cate. 


j 


0. 

0. 


Figure 2.1 >2. — Demonstration problem 1: Input data file. 



Figure 2.1 -3.— Demonstration problem 1: Longitudinal stress-strain 
behavior ol l0/90; s SiC/Ti-15 at 70 ®F. 
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2.2 Demonstration Problem 2 


Description: Longitudinal Fiber Modulus Variation of a Unidirectional Laminate 
Containing Temperature Gradients Through-the-Thickness and Subjected to a Pressure 
Loading 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A linear loading history 

(2) A monotonic pressure loading 

(3) A perfect bond between the fiber and matrix 

(4) Residual effects arising from processing 

(5) Temperature gradients within a laminate 

(6) Track the development of fiber modulus 

(7) A unidirectional laminate 

Model Description: 

A four ply unidirectional [0]^ laminate composed of tungsten (W) fibers and a copper 
(Cu) matrix is modelled. ; A perfect bond between the fiber and matrix is modelled. 
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Each ply has a fiber volume ratio (FVR) of 40%, a void volume ratio (WR) of 0%, and 
a thickness of 0.010 inches. The laminate configuration is shown in table 2.2-1. 


Table 2.2-1: Laminate Configuration jj 


Ply Number 

Angle 

Thickness 

FVR 

WR 

Fiber/ 

Matrix 

1 

0* 

0.010" 

0.40 

0.0 

W/Cu 

2 

0* 

0.010" 

0.40 

0.0 

W/Cu 

3 

0* 

0.010" 

0.40 

0.0 

W/Cu 

4 

0' 

0.010" 

0.40 

0.0 

W/Cu 


Loading History : 

The loading histoiy for this problem is divided into three linear segments as shown in 
figure 2.2-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1400 *F) to room temperature (70 *F) in the absence of 
mechanical loads. The second segment involves heating up the individual plies of the 
laminate to different use temperatures (800 *F for ply 1, 700 *F. for ply 2, 600 *F for ply 3, 
and 500* F for ply 4), again in the absence of mechanical loads. The third segment 
models the application of a 1000 psi lower surface pressure (Pj) psi on the laminate with 
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Ply 1 Ply* Ply* Ply 4 
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the temperature of the individual plies held constant at their respective use temperatures. 
The first segment is divided into 40 load steps, the second segment into 25 load steps, 
and the third segment into 25, for a total of 90 load steps in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 2.2*2. Comment 
records, denoted by a ’$’ in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The variation in longitudinal fiber modulus (E fn ) for each ply of the laminate throughout 
the loading history is shown in figure 2.2-3. The fiber modulus increases during process- 
ing (0-2000 sec) due to the build up of residual stresses. As each ply of the the laminate 
is heated up to different use temperatures (2000 - 4000 sec), some of the residual stress 
is relieved. However, since each ply is heated up to different temperatures, the resulting 
fiber modulus degradation for each ply differs. The application of the pressure load 
(4000 - 6000 sec) has little effect on the fiber modulus, which remains almost constant 
during this segment. 
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tntnpuH 


demonstration problem 2 

* he postprocessing files requested. 

per t 

J N: I©*: redistribution option. 

ld::t r 

j pi. cttalls: ply no, materd no, orientation and thickness .. 

p t Y 1 J 0. 0.010 

p t l 2 1 0. 0.010 

P.i 3 1 C. 0.010 

p t > a 1 0. 0.010 

j *m*ie' detail i: materd no, fvr, *vr and flber/matrli. 

iuicr: 1 .*e o.tunocopr 

s hu-nte* ef mechanic#* and thermal cycles requested. 

c*:.e: : 1 

1 Out:*.: resists. 

print iktep 
print kkrc 

PRINT PROPrUP 

J r.t output fo*- every tenth load step. 
ppiNTff t,ar 
$ lrte*T"ase details. 

iNTtr;;: C .OS 

i Sivc'T'itc title Input. 

lao*: -3 

J first biding srgrentr processing. 

j 5i***t tine, end tire , and number ©f Increments for processing. 

C. 200;. 40 

I leece'-itu-e in each ply at the beginning and end of processing. 

lao:. lac:, ho:, hoc. 

7C. 7 ;. 7:. 7C. 

S Ketm^-cal bars at the beginning and end of processing. 

c. c, 0. 0. 0. 0. 0. c. c. 

c. 0. c. 0. c. C. 0. 0. 0. 

S Steen: leading segment! heat-up to use temperatures. 

1 Sta-t tire, enc time .and nunPer of increment! for the heat up. 

20 ::. so::. 21 

J lent e -atu-e in each p’y at the beginning and end of heat up. 

7c. 70. 

m. 7c:. 6t: . 50 :. 

i herna-'cal loads at the beginning and end of heat up. 

t. c. c. c. c. . 0. c. 0. 0 . 

c c. 0. c. c. . 0. 0. 0. 0. 

S t ■ loading segment: application e f pressure load. 

S Ste-t tire, enc time .and numcer C 4 increments fo** loading. 

6c:;. 2* 

S Terje-etj-e in ea:* ply at the beginning and end of loading. 

e;:. t 

e::. 7 C; . e::. sc;. 

1 htc-e-’ca* icaci a; tre beg'nmrg arc end cf loading. 

c. :. c. c c. c. *. c 

t. c. c. c. c c. ioev. 

1 ;n: Ci’.a 


c. 


0 . 


0 . 

0 . 


e. 


c. 


Figure 2 . 2 * 2 .— Demonstration problem 2 : Input data file. 
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Tim* (sec) 

Fig j r e 2 . 2-3 —Demonstration problem 2 : Variation in longitudinal 
'ftoer modulus of [ 0] 4 W/Cu. 
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23 Demonstration Problem 3 


Description: Matrix Shear Strengths in an Angle-Plied Laminate with Ply Thickness 
Variations Under Combined Moment and Shear Loads at an Elevated Temperature 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) An angle-plied laminate 

(2) A carbon coating between the fiber and matrix 

(3) Combined moment and shear loads 

(4) A linear loading history 

(5) Residual effects arising from processing 

(6) Track the development of matrix shear strengths 

•• (7) Variations in ply thickness 

Model Description: 

An angle-plied [ 0/3 0/9 0/- 3 0/0] laminate composed of silicon carbide (SiC) fibers and a 
titanium (Ti-6A1-4V) matrix is modelled. A carbon coating with a thickness of \% of the 
fiber diameter is modelled between the fiber and matrix. Each ply has a fiber volume 
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ratio (FVR) of 32%, a void volume ratio (WR) of 0%, and variations in thickness. The 
laminate configuration is shown in table 2.3-1. 


Table 2.3-1: Laminate Configuration J 

Ply Number 

Angle 

Thickness 

FVR 

WR 

Fiber/ 

Matrix 

1 

0* 

0.005" 

0.32 

0.0 

SiOTi-6-4 

2 

30' 

0.0075" 

0.32 

0.0 

SiC/Ti-6-4 

3 

90' 

0.010" 

0.32 

0.0 

SiOTi-6-4 

4 

i 

o 

o 

0.0075" 

0.32 

0.0 

SiC/Ti-6r4 

5 

0' 

0.005" 

0.32 

0.0 

SiC/Ti-6-4 


Loading History: 

The loading history for this problem is divided into three linear segments as shown in 
figure 2.3-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1600*F) to room temperature (70'F) in the absence of 
mechanical loads. The second segment involves heating up the laminate to the use 
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temperature (500 * F), again in the absence of mechanical loads. The third segment 

models the application of a combination of a 400 lb*in/in moment (M x ) and a 600 lb-in 

shear (N ) on the laminate with the temperature held constant at the use temperature, 
xy 

The first segment is divided into 40 load steps, the second segment into 25 load steps, 
and the third segment into 25, for a total of 90 load steps in the simulation. 

Input Data File: ( 

The input file for this demonstration problem is shown in figure 2.3-2. Comment 
records, denoted by a ’S’ in the first column, are inserted throughout the file to briefly 
describe each record. 

f 

r 

Demonstration Problem Results: 

The matrix shear strengths (S ml2 « S ffiL v and S m23 ) at three different points (before 
processing, after processing, and after heat-up) in the loading history are shown in figure 
2.3-3. All three matrix shear strengths turn out to be equivalent. Before processing, the 
shear strength is 62 ksi. The shear strength increases during processing as residual 
stresses build up to a value of 88 ksi at the completion of processing. As some of the 
residual stresses are relieved during the heat-up, the matrix shear strengths decrease 
accordingly to 80 ksi. . 


23 



MEKMt CEKKStRATlOK fROBlt* 3 
3 ho postprocessing flits requested. 

fosi r 

$ he load redistribution option, 

ido:s* f 


r details; 

ply no, 

materd no, 

orientation and thickness 

fa 

i 

1 

0. 

0.005 

fa 

2 

1 

30. 

0.0075 

fa 

3 

1 

to. 

0.010 

fa 

4 

3 

-30. 

0.007$ 

fa 

5 

1 

0. 

0.00$ 


i Material details: eatenf no, f*r, »vr tod flber/aatrlx. 

>urc»: J . 3 : t.SIUTJM 

$ humbe' of Mechanical and themal cycle* requested, 
i 

J Output requests. 
f*]lT fROfCUF 

S frlnt output for e*ery tenth load »t«p. 

PRlhtCM ust 

I Interphase dettils. 

ihtcfa:i i .oi 

I Star! if ted table input. 
t*.c*: *3 

S Firs: lotting segment: processing. 

S Start tt*e. end tilt , *«d n^jaber of increments for processing. 

c. ?occ. to 

S Tee^eriture in each ply at the beginning and end of processing. 

ieo:. iooo. jsoc, hoo. jsoc. 

70. 70. 70. 70. 70. 

I lecheries'. loses st the beginning and end of processing. 

0. C. D. O. C. C. C. 0. 0. 

C. 0. 0. C. C. C. 0. o T o. 

i Serene loading segment: hea:»ur to use teecerstures. 

I St* -t tiee. tn: net? ,sno nuwer of increments for the heat up. 

zoo:, soc:. 2 * 

J teiceriture In each ply at the beginning and end of heat up. 

7C . 70. 70. 70. 70. 

so:. soc. soc. soo. soc. 

S He:n*ncal loses at the beginning tno end of heat up. 

C. 0. 0. C. C. C. 0. 0. 0. 

C. C. 0. C. C. 0. 0. 0. 0. 

S Third loading segment? application of moment end shear loads. 

$ Star? tine, end tlae ,and nuaber of increments for loading. 

4o:c. fo::. 25 

3 Temperature in eacr p‘ty at the beginning and end of loading. 

sc:, soc. so: . soo. soo. 

sc:, sc:, so:, see. soc. 

S MerM**cil loads a: the beginning anc end t* loading. 

c. c>. c. t. c. o. o. o. 
c. c, 6oc. o. c. t. c. o. 

J tr; c<u. 


0. 


c. 


0. 


c. 


0. 

0. 


Figure 2.3-2.— Demonstration problem 3: Input data file. 



Before After After 

pro celling processing hest-up 


Figure 2.3-3.— Demonstration problem 3: Matrix shear strengths of 
I0/30/3D/-30/0] SiC/Ti-6. 
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2.4 Demonstration Problem 4 


Description: Transverse Matrix Stresses in an Angle-Plied Laminate Subjected to a 
Nonlinear Transverse Compressive Loading with Increasing Temperature 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) An angle-plied laminate 

(2) A compliant layer between the fiber and matrix 

(3) A monotonic transverse compressive loading 

(4) A nonlinear loading history 

(5) Residual effects arising from processing 

(6) Track the development of constituent stresses 

Model Description: 

An angle-plied [0/45/-45/0] laminate composed of high modulus graphite (P100) fibers 
and a copper (Cu) matrix is modelled. A gadolinium (Gd) compliant layer with a 
thickness of 29c of the fiber diameter is specified. Each ply has a fiber volume ratio 
(FY'R) of 509c, a void volume ratio (WR) of 09c, and a thickness of 0.020 inches. The 
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laminate configuration is shown in table 2.4-1. 



Loading History: 

The loading history for this problem differs from the previous cases in that the loading 
history cannot be approximated into a few linear segments. Instead, the loading history 
must be discretized sufficiently to capture the nonlinear behavior, with each discretized 
point provided in the input data file. The loading history is divided into two segments as 
shown in figure 2.4-1. The first segment simulates the processing of the laminate as a 
cool down from the processing temperature (700 *F) to room temperature (70 *F) in the 
absence of mechanical loads and is composed of 20 discrete points. The second segment 
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involves a combination of heating up the laminate to 275 *F and the application of a 450 
Ib/in transverse compressive load (Ny) and contains 17 discrete points, for a total of 37 
discrete points in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 2.4*2. Comment 
records, denoted by a in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The variations in the transverse matrix stresses (o b22a , o^g. and a o22C ) throughout the 
loading history are shown in figure 2.4-3. The stresses increase during processing (0-750 
sec) as residual stresses build up. The different stress levels occur in the three transverse 
matrix stresses due to the presence of the other constituents in regions 22B and 22C of 
the unit cell. The application of the compressive transverse load (750-1500 sec) results in 
a corresponding decrease in transverse matrix stress as the load increases. 
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. Figure 2.4-2 —Demonstration problem 4: Input data file. 
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} Mechanical load*. 

0. - 20 . 0. 0. 0. 0. 0. 0. 0. 0. 
S Tltt and tem>«rature In each pljr. 

90C. 145. 145 . 145. 145. 

1 Mechanical loads. 

0. OS. 0. 0. 0. 0. 0. 0. 0. 0. 
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1 End da*.a. 


Figure 2.4-2.— Concluded. 


a m22A °fnl2t u m23C 



0 300 tOO 300 1200 1500 


Tima (ate) 

Figure 2.4-3. — Demonstration problem 4: Variation in transverse 
matnx stresses of [0/45/-45/0j PIOO/Cu. 
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3.0 Cyclic Analysis 


Four problems demonstrating different features of METCAN for cyclic analysis are 
presented. All problems in this section make use of the same cross ply laminate, used in 
Demonstration Problem 1 and examine the effects of various cyclic loads on the stress- 
strain behavior of the laminate. Each problem begins with the fabrication process to 
account for any residual effects, followed by the cyclic loads, and ends with the applica- 
tion of a longitudinal tensile load at room temperature. The cyclic loads examined 
include thermal cycling, tension-tension mechanical cycling, tension-compression mechani- 
cal cycling, and combined thermal and mechanical cycling. METCAN simulates the 
various types of cycling by accounting for the cumulative damage in the laminate due to 
cycling. Typically, the required input consists of the number of thermal and/or mechani- 
cal cycles desired and the loading history for a single cycle. Since cycling is modelled 
through cumulative damage, output for cycling is produced for only the last cycle. 
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3.1 Demonstration Problem 5 


Description: Longitudinal Stress-Strain Behavior of a Cross-Ply Laminate Subjected to 
Thermal Cycling 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A cross-ply laminate 

(2) An interphase between the fiber and matrix 

(3) Laminate stress-strain behavior 

(4) A linear loading history 

(5) Residual effects arising from processing 

(6) Thermal cycling 

Model Description: 

A cross-plv [0/90] s laminate composed of silicon carbide (SiC) fibers and a titanium (Ti- 
15V-3Cr-3AJ-3Sn) matrix is modelled. An interphase with a thickness of 59c of the fiber 
diameter is used. The interphase moduli and strengths are taken as 25% of the respec- 
tive matrix values. All other interphase properties are assumed equal to their corre- 
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sponding matrix values. Each ply has a fiber volume ratio (FVR) of 35%, a void volume 
ratio (WR) of 0%, and a thickness of 0.005 inches. The laminate configuration is shown 
in table 3.1*1. 


Table 3.1-1: Laminate Configuration 

Ply Number 

Angle 

Thickness 

FVR 

WR 

Fiber/ 






Matrix 

1 

0‘ 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

2 

90* 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

3 

90* 


0.35 

0.0 

SiC/Ti-15-3 

4 

0* 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 


Loading History: 

The loading history for this problem is divided into four linear loading segments as shown 
in figure 3.1-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1600 *F) to room temperature (70 *F). The second 
and third segments model the thermal cycling of the laminate. A total of 400 thermal 
cycles is simulated, with the second segment defining one half of a single thermal cycle 


33 


























(from 70* to 400 *F), while the third segment defines the remaining portion of the cycle 
(from 400' to 70* F). The fourth segment involves application of a 2700 lb/in longitudi- 
nal tensile load (N x ) at room temperature. The first segment is composed of 45 load 
steps while the second, third, and fourth segments each contain 25 load steps for a total 
of 120 load steps in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 3.1-2. Comment 
records, denoted by a ’$’ in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The stress-strain behavior of the SiC/Ti-15-3 laminate after undergoing thermal cycling is 
shown in figure 3.1-3. Also included in the figure is the stress-strain behavior of the 
uncycled laminate for comparison. For this case, the thermal cycling results in the 
degradation of the laminate stress-strain behavior, causing a 40% reduction in ultimate 
tensile strength (from 135 to 81 ksi). 
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metcan demonstration ptoeio 5 

3 Me postprocessing files requested. 

POS* T 
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LD::r f 
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P.i 1 1 0. 0.005 
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PL* 4 1 0. 0.0C5 
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MZK 1 .35 0.51CMU5 
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3 Output reouests. 

PRINT flJNDE> 

PRIN- PROACON 
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INTSFACi 1 .05 
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TM.OA: -4 PROCESS 

S first loading segment: processing 

S St* r t ties, end time , end number of increments f or processing. 

C. 15CC. <5 KGPROCESS 
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Ci. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 

0. 0. 0. 0. 0. 0. C. 5. 0. 0. 

3 Seconc loading sequent: upper portion of thermal cycling. 

3 Star; tie* end tn*e .end number of increments for heat up. 

IS?:. . 2C;:, 25 8EGCTCL U»fEF 
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7:. 7C. 7C . 7C. 

4 c:. 4:;. 4 oc. 4 oc. 

3 Necmr* ci 1 loeds «t the beginning end end of upper cycle. 

c. c. 0. 0. c. 0. 0. c. 0. 0. 

c. c. 0. 0. 0. c. 0. 0. 0. c. 

3 Tnrd loed*rg segment: lower portion of thermal cycling. 

3 Ste't tl»f. end tiee .erd number of increments for lo*er cvcle. 

2'..:. 3:::. 25 ENSCTCL LOuEP 
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4 ?:. 4::. 4?C. 40C. 

70. 7C. 7C. 70. 
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: c. :. c. c. t r « i c. 
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3 j*.***. titr*. en: tut nr".:*- c* *:■ 

3 ir t*;- t‘. *: tne begir^-g 4 n C end cf le*d ,r g. 

:c. 

*; 7:. 

3 ►e:re-*:e‘ loads at t*e beg'-r-p; a"d end 0 ' loading. 

0. c. c. c. t. c. c. 0. 

t. t. 0. t. c. c. c. c. 0. 

3 Ir: Cite. 


Figure 3.1 -2.— Demonstration problem 5: Input data file. 


■ 1 1 No cycling “ “ * Cycling 



0.00 0.20 0.40 0.40 0.10 1.00 


Strain (\) 

Figure 3.1*3.— Demonstration problem 5; Effect of thermal cycling 
on stress-strain behavior of [0/90] s SiC/Ti-1 5. 
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3.2 Demonstration Problem 6 


Description: Longitudinal Stress-Strain Behavior of a Cross-Ply Laminate Subjected to 
Tension-Tension Mechanical Cycling 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A cross-ply laminate 

(2) An interphase between the fiber and matrix 

(3) Laminate stress-strain behavior 

(4) A linear loading history 

(5) Residual effects arising from processing 

(6) Tension-tension mechanical cycling 

Model Description: 

A cross-ply [0/9 0] $ laminate composed of silicon carbide (SiC) fibers and a titanium (Ti- 
15V-3Cr-3Al-3Sn) matrix is modelled. An interphase with a thickness of 5% of the fiber 
diameter is used. The interphase moduli and strengths are taken as 25% of the respec- 
tive matrix values. All inher interphase properties are assumed equal to their corre- 
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sponding matrix values. Each ply has a fiber volume ratio (FVR) of 35%, a void volume 
ratio (WR) of 0%, and a thickness of 0.005 inches. The laminate configuration is shown 
in table 3.2*1. 


II 


Table 3.2-1: Laminate Configuration 


Ply Number 

Angle 

Thickness 

FVR 

WR 

Fiber/ 

Matrix 

1 

0* 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

2 

90- 

0.005" 

0.35 

0.0 

SiOTi-15-3 

3 

90* 

0.005" 

0.35 

0.0 

SiOTi-15-3 



0.005" 

0.35 

0.0 

SiC/Ti-15-3 


Loading History: 

The loading history for this problem is divided into four linear loading segments as shown 
in figure 3.2-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1600 *F) to room temperature (70 *F). The second 
and third segments model the mechanical cycling of the laminate. A total of 20000 
mechanical cycles is simulated, with the second segment defines one half of a single 
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mechanical cycle (from 0 to 500 lb/in), while the third segment defines the remaining 
portion of the cycle (from 500 to 0 Ib/in). The fourth segment involves application of a 
2700 lb/in longitudinal tensile load (N x ) at room temperature. The first segment is 
composed of 45 load steps while the second, third, and fourth segments each contain 25 
load steps for a total of 120 load steps in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 3.2-2. Comment 
records, denoted by a ’S’ in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The stress-strain behavior of the SiC/Ti-15-3 laminate after undergoing tension-tension 
mechanical cycling is shown in figure 3.2-3. Also included in the figure is the stress-strain 
behavior of the uncycled laminate for comparison. For this case, the mechanical cycling 
results in the degradation of the laminate stress-strain behavior, causing a 12% reduction 
in ultimate tensile strength (from 135 to 119 ksi). 
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3 S’.*r: end time ,emJ numbe- o' increments for upper cycle. 

i:::. z:::. z* ■!6:»ci uppe? 

5 *e«c-e*etu'e tr e*:r pU et the beginning end end of upper cycle. 

7;. 7:. ?c. 

k. n. 

3 N;r.r :*‘ loeds et the beginning end end of upper ode. 

t. C. C. C. 0. C. C. 0. 

sc: . c. t. t. c. :. o. o. 

3 tr*-: iced’**; segme-t: lower pprtic- of ■ecnenicel cycle. 

3 $ir*. tie? er: time ,er: nmce- o' increments fe- lower cycle. 

?::: 3C<::. :i iwctci iw- 

3 Tenre-itur* -r e*:n t’i et the beginning end end of lo»er cycle. 

7c. 70. 

tc. 

3 herr'i'*;*’ loets et the fce;i*ritg *nd end of lower cede. 

5:: c. c. c. c. c. o. c. 

: . : : ( . c . t ? . ' 

3 cer *; seam***.- ep; ’tefr- d 'r’ptud'nd l<-e: 

3 It'-; tire, tr.; tir? |-r c' ir;r **^-*5 e pr 

3 ’nf'eth'i T te:- t • «t t»e oegi«n*.ng «n: end icw.r;. 


0. 

0. 


0. 

1. 


3 ►?.’»* ce* leers et tre pegm^ng r: en; ef loecin;. 

.. :. c. c. c. :. o. o. c. 

c. i. c. c. c. c. o. c. 

3 l'- 54** . 


Figure 3.2-2.— Demonstration problem 6: Input data file. 


— No cyclirvg - - - Cycling 



• Figure 3.2-3.— Demonstration problem 6: Effect of mechanical 
cycling on stress-strain benavior of [0/90], SiC/Ti *1 5. 
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33 Demonstration Problem 7 


Description: Longitudinal Stress-Strain Behavior of a Cross-Ply Laminate Subjected to 
Tension-Compression Mechanical Cycling 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A cross-ply laminate 

(2) A interphase between the fiber and matrix 

(3) Laminate stress-strain behavior 

(4) A linear loading history 

(5) Residual effects arising from processing 

(6) Tension-compression mechanical cycling 

Model Description: 

A cross-ply [0/90] $ laminate composed of silicon carbide (SiC) fibers and a titanium (Ti- 
15V-3Cr-3Al-3Sn) matrix is modelled. An interphase with a thickness of 5% of the fiber 
diameter is used. The interphase moduli and strengths are taken as 25% of the respec- 
tive matrix values. All other interphase properties are assumed equal to their corre- 
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sponding matrix values. Each ply has a fiber volume ratio (FVR) of 35%, a void volume 
ratio (WR) of 0%, and a thickness of 0.005 inches. The laminate configuration is shown 
in table 3.3-1. 


Table 3.3-1: Laminate Configuration 

Ply Number Angle Thickness FVR WR Fiber/ 

Matrix 

1 0 - 0.005" 0.35 0.0 SiC/Ti-15-3 

2 90' 0.005" . 0.35 0.0 SiC/Ti-15-3 



ft 

0.35 

0.0 

SiC/Ti-15-3 

!» 

0.35 

0.0 

SiC/Ti-15-3 


Loading History: 

The loading history for this problem is divided into five linear loading segments as shown 
in figure 3.3-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1600 *F) to room temperature (70 *F). In the second 
segment a compressive longitudinal load is applied. The third and fourth segments 
mode] the mechanical cycling of the laminate. A total of 15000 mechanical cycles is 
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. c 1000 2000 ' * 2000 4000 $000 
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• Tlmt (»tc) 

Figure 3.3-1 .—Demonstration problem 7; Loading history. 
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simulated, with the third segment defining one half of a single mechanical cycle (from 
-500 to 500 lb/in), while the fourth segment defines the remaining portion of the cycle 
(from 500 to -500 Ib/in). The fifth segment involves the application of a 2700 lb/in 
longitudinal tensile load (N x ) at room temperature. The first segment is composed of 45 
load steps while the second through fifth segments each contain 25 load steps for a total 
of 145 load steps in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 3.3-2. Comment 
records, denoted by a 'S' in the first column, are inserted throughout the file to briefly 
describe each record. 

✓ 

Demonstration Problem Results: 

The stress-strain behavior of the SiC/Ti-15-3 laminate after undergoing tension-compres- 
sion mechanical cycling is shown in figure 3.3-3. Also included in the figure is the stress- 
•strain behavior of the uncycled laminate for comparison. For this case, the mechanical 
cycling results in the degradation of the laminate stress-strain behavior, causing a 10% 
reduction in ultimate tensile strength (from 135 to 122 ksi). 
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Figure 3.3-2.— Demonstration problem 7: Input data file. 



0 OC 0.20 0.40 0-€0 0.10 1.00 


Strain (S) 

Figure 3.3-3— Demonstration problem 7: Effect of mechanic a! 
cycling on stress-strain behavior of 10/90], SiC/Ti-15. 
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3.4 Demonstration Problem 8 


Description: Longitudinal Stress-Strain Behavior of a Cross-Ply Laminate Subjected to 
Thermo-Mechanical Cycling 

Problem Description: 

This problem demonstrates the use of METCAN to model: 

(1) A cross-ply laminate 

(2) An interphase between the fiber and matrix 

(3) Laminate stress-strain behavior 

(4) A linear loading history 

(5) Residual effects arising from processing 

(6) Thermo-mechanical cycling 

* 

Model Description: 

A cross-ply [0/90] s laminate composed of silicon carbide (SiC) fibers and a titanium (Ti- 
15V-3Cr-3Al-3Sn) matrix is modelled. An interphase with a thickness of 5% of the fiber 
diameter is used. The interphase moduli and strengths are taken as 25% of the respec- 
tive matrix values. All other interphase properties are assumed equal to their corre- 
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sponding matrix values. Each ply has a fiber volume ratio (FVR) of 35%, a void volume 
ratio (WR) of 0%, and a thickness of 0.005 inches. The laminate configuration is shown 
in table 3.4-1. 


Table 3.4-1: Laminate Configuration 

Ply Number 

Angle 

Thickness 

FVR 

WR 

Fiber/ 

Matrix 

1 

0* 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

2 

90° 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

3 

90 s 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 

4 

0° 

0.005" 

0.35 

0.0 

SiC/Ti-15-3 


Loading History: 

The loading history for this problem is divided into four linear loading segments as shown 
in figure 3.4-1. The first segment simulates the processing of the laminate as a cool down 
from the processing temperature (1600 *F) to room temperature (70 *F). A total of 200 
thermal cycles and 20000 mechanical cycles are simulated with the second and third 
segments modelling the thermo-mechanical cycling of the laminate. The second segment 
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defines one half of a single thermo-mechanical cycle (from 70* to 400 *F and 0 to 500 
Ib/in), while the third segment defines the remaining portion of the cycle (from 400* to 
70 *F and 500 to 0 Ib/in). The fourth segment involves the application of a 2700 Ib/in 
longitudinal tensile load (N x ) at room temperature. The first segment is composed of 45 
load steps while the second, third, and fourth segments each contain 25 load steps for a 
total of 120 load steps in the simulation. 

Input Data File: 

The input file for this demonstration problem is shown in figure 3.4-2. Comment 
records, denoted by a ’S’ in the first column, are inserted throughout the file to briefly 
describe each record. 

Demonstration Problem Results: 

The stress-strain behavior of the SiC/Ti-15-3 laminate after undergoing combined thermal 
and mechanical cycling is' shown in figure 3.4-3. Also included in the figure is the stress- 
strain behavior of the uncvcled laminate for comparison. For this case, the mechanical 
cycling results in the degradation of the laminate stress-strain behavior, causing a 44% 
reduction in ultimate tensile strength (from 135 to 76 ksi). 
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unci* DPOKsmiio* PRoe-.t* e 

$ N: postprocessing flits requested. 

nr t 

S he lot: recistriOution option, 

iszir f 

3 Fij fletills: pi* no, attend no, orlentitlon, *nd tMckness. 


Pi' 

1 

1 C. 0.005 

Fl> 

2 

1 9C. 0.005 

Pil 

3 

1 90. 0.OC5 

P.» 

4 

) 0. 0.005 


S MeteMil detil Is : aitcrd no, f»r, *»r, and flber/mitrl*. 

HA^ck; 1 ,35 O-SICATI 15 

3 hunt*- of •echinieil tnd themil cycles requested. 

CYCLES 2.1*0 i 200. 

3 Output requests. 

W1S* STRCOh 

RRlh* STR3 T RN 

} f-i't 1:+ the list loid ste:. 

PKIMCr 1*31 

3 Jrie-rhise d*tills. 

IRTPf AC£ 1 ,05 

t Simplified table Input. 

Tn.oi: -« process 

3 First loi:*ng segment: processing. 

3 Stir*, time. end time , eno nunPe- of Increments for processing. 

C. 100C. <5 8EGPR0CESS ■. 

3 Tcffce’iture in each ply it the beginning *nd end of processing.- 

u::. iec:. ieoo. i6oc. 

7:. 70. 70. 7C. 

S Mechiricil loids It the beginning end end of processing. 

C. 0. 0. 0. 0. C. C. P. o. 0. 

c. C. 0. 0. 0. C. 0. 0. 0. 0. 

3 Secor: loading segmert: upper portion of the*oo-mechin1cil cycle. 

S Stir; *>m, eng time ,ind numbf of increments for upper cycle. 

id?:. rf ercrrci u**pef 

S Teuoeretu*e In eich o’* it the beginning ind end of upper cycle. 

?c. 7:.' ?c. 

id:. id:. 4::. ioc. 

3 Me c m n * c i ’ loids it the beginning and end of upper cycle. 

c. C. C. c. 0. C. 0. 0. C. 0. 

so:. c. o. o. o. o. o. o. o. o. 

$ Tnrs loidm; sep»-nt: lo»er portion of thene-meehinletl Cycle. 

3 Sti'*. tire, en: tii't ,mc nunce- of increments for lower cycle, 

3:::. z* iw:>cl io.ef 

3 lenre-itu-e in eich c’y it the beginning ana end of lower cycle, 
i::, i:;. i::. io;. 

7t , 7:. 70. 

S Me;mr*ci' loics it the beginning ind erd o # lowe- cycle. 

s::. c. c. o. c. c. c. o. c. c. 

C. C. C'. C. f. n r (. (. 

3 *ojrn itii’*; sep-*r*t: i?r**:itic' c* *r*i;<tu? 4 r^* i.^;. 

3 St'*-! tin* enc t'v, ,inc i*ur;»* c* i»c r emen:s fjr leecrc 

3 or:, a-: 2 • 

3 ie*:e**ture t **;* pi. tre pegm-mg md er; o* loidm;. 

7C. \*. 7C. 7C. 

7t. 7t. 7f. 

3 Mecwcil kids It U? beginning ind end of loiding. 

C. C. C. C. C. C. C. C. C. C. 

r::. c. c. t.< c. c. c. c. c. c. 

3 En: site. 

Figure 3.4-2.— Demonstration problem 8: Input data file. 


No cycling - • - Cycling 



0.0C 0.20 0.40 0.80 0.80 1.00 


Strain (S) 

Figire 3.4-3.— Demonstration problem 8: Effect of thermo- 
mechanical cycling on stress-strain behavior of [0/90] s SiC/Ti-1 5. 
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4.0 Complete Output File 


A typical METCAN output file containing all output request options is presented for the 
first demonstration problem. For clarity of description, the output file is divided into 
fifteen different sections (one for the default output along with one for each output 
request option). A brief description is provided in each section before the actual output. 
These descriptions are not part of the actual output file, but are included to guide the 
reader. The ordering of the sections corresponds to the order in which the various 
output request options are actually generated. A list of notation and units is also 
included at the end to help interpret the output. 

A total of fourteen different output request options are available. The output file can be 
tailored by the user (as defined in the PRINT data record in the input file) by choosing 
various combinations of the fourteen available output requests options. These fourteen 
request options are listed in table 4.0-1. The following sections demonstrate all the 
different output request options, allowing the user to effectively tailor the output file. 
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Table 4.0-1: Output Requests 

Option Type of Output 

PRINT CONSTI Laminate constitutive relationships 

PRINT DISPFOR Displacement-force relationships 

PRINT FEMDATA Information for finite element analysis 

PRINT FLINDEX Report of failure index 

PRINT LDSTEP Information about the load step 

PRINT MICRO Stresses and strains in the constituents 

PRINT PLYRESP Ply properties and response variables 

PRINT PLYSTRS Stresses and strains in the plies 

PRINT PROPCOM 2-D and 3-D laminate properties 

PRINT PROPCUR Current constituent properties 

PRINT PROPREF Reference constituent properties 

PRINT REDSTIF Laminate reduced membrane and bend- 

ing stiffnesses 

PRINT STRCON Stress concentration factors around a 


circular hole in an infinite plate 























PRINT STRSTRN Laminate stress-strain relationship and 

MSC/NASTRAN MAT9 record 
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4.1 Default Output 


The following output is produced regardless of the PRINT records chosen in the input 
file. This default output contains: 

(1) The METCAN logo 

(2) The structural and material axes 

(3) A list of the properties used in METCAN 

(4) An echo of the constituent databank 

(5) An echo of the input file 

(6) A summary of the input data 

Each of the default outputs are described and shown in this section. 
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Description: M ETC AN Logo 


This part of the default output contains a logo of METCAN, along with version and 
author information. 
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Description: METCAN Coordinate Axes 

This part of the default output depicts the two different coordinate systems used in 
METCAN: (1) a structural or laminate axes and (2) a material or ply axes. 
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H E T C A N: COORDINATE SYSTEHS 
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Description: List of Properties 


This part of the default output lists various properties used in METCAN along with their 
corresponding symbols and units. 
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NETCAN UNITS TOR CONSTIturNT 
PLY AND LAMINATE PROPERTIES 
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Description: Constituent Databank Echo 


This part of the default output reproduces, in tabular form, the constituent material 
properties found in the constituent databank. The table begins with fiber properties, 
followed by matrix properties, and ends with interphase properties. 
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TABLE OF TIBER PROPERTIES FROM HETCAN DATABASE 



63 


P100 HIGH MODULUS GRAPHITE FIBER 
SICA SILICON CARBIDE FIBER 
TUNC TUNGSTEN FIBER 



TABLE OF MATRIX PROPERTIES TROtl METCAN DATABASE 

MATRIX CODE NAMES 



64 


TI15 TI-15V-3CR-3AL-3SN MATRIX 
TI6«» Ti-«Al-«iV MATRIX 



TABLE OF INTERFACE PROPS. FROM MCTCAN DATABASE 
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Description: Input File Echo 


This part of the default output echoes the input file. 
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Description: Input Data Summary 


This part of the default output provides a summary of pertinent data from the input file. 
The summary contains: 

% . 

(1) The amount of words required in the analysis 

(2) A case control deck summary 

(3) Details about the laminate configuration , . 

(4) A list of the material systems 

(5) Information about thermal and mechanical cycling 

(6) A summary of the output options chosen 


68 



MnTCAN DEMONSTRATION PROBLEM 1 

TOTAL AMOUNT Or HORUS NEEDED FOR THE ANALYSIS 2fl2«i 
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OPTION 0 --> COMPLETE OUTPUT IS REQUESTED 



4.2 Reference Constituent Properties (PROPREF) Output 


Description: 

This part of the output file echos the material properties and the exponents for the 
constituents selected for the analysis from the constituent databank. This is the same 
output found in the constituent databank echo from the default output section (sect. 4.1) 
in a different format for the user’s convenience. 
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ECHO OF CONSTITUENT PROPERTIES FRON DATARANK AT THE REFERENCE TENPERATURE 
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USER SELECTED EXPONENTS IN THE CONSTITUTIVE RELATIONSHIP 

Property Temp Stress Str.R*'" T-Cyelns N-Cyclos Time 
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43 Load Step Details (LDSTEP) Output 


Description: 

This part of the output file contains information for each load step of the analysis. The 
load step information includes: 

(1) The load step number 

(2) The total and incremental time corresponding to the current load step 

(3) The current exponents for the mechanical cycling, thermal cycling, and time 
terms of the multifactor interaction relationship 

(4) The incremental mechanical loads for the current load step 

(5) The total and incremental thermal loads for the current load step 
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4.4 Constituent Failure Index (FLINDEX) Output 


Description: 

This part of the output file provides failure information at both the ply and constituent 
levels for each load step. Failure is indicated by a "1", while "0” represents no failure. 
This failure index pinpoints failure for each ply in the laminate to the different subre- 
gions defined in the micromechanical unit cell. 

As well as providing a failure index for each load step, a failure modes history is also 
provided at the end of the output file. The failure modes history combines the failure 
index from each load step into one location for convenience. For the failure modes 
history, failure is indicated by "y" and no failure by ”n". 
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4.5 Finite Element Analysis Data (FEMDATA) Output 


Description: 

This part of the output file is produced, for each load step and contains information 
which can be incorporated into a material property card for a finite element analysis. 
The data includes: 

(1) The composite thickness 

(2) Equivalent ply moduli (Ej j, E^* ^22’ ^23’ anc * ^ 33 ) 

(3) Equivalent composite bending properties: 

Poisson’s ratios (v and v ) and moduli (E , E and G ) 
xy yx xx yy xy 

(4) Equivalent membrane elastic coefficients for MSC/NASTRAN (Gjj, G 

G 13 * and G^^) 

(5) Equivalent bending elastic coefficients for MSC/NASTRAN (G^, G^) G^, 
G-,-,. G 0 ,. and 

( 6 ) Equivalent membrane, 'bending coupling data for use w*ith MSC/NASTRAN 

(G^j.Gj^. ^ 2 *), ^ 22 * and G^) 

(7) Equivalent properties for a MSC/NASTRAN MAT9 card for solid elements 
and 3-D anisotropic properties for MARC 

( 8 ) MAT9 property card for MSC/NASTRAN in single and double field formats 

(9) MAT 2 property card for MSC/NASTRAN 
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Values for items (1) through (5) are provided for each iteration that occurs in the load 
step. 
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NAT9 CAPO FOP HSC/NASTRAN SOLID ELEMENTS ANO 3-0 ANISOTROPIC PROPERTIES FOR HARC 
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4.6 Ply Stresses and Strains (PLYSTRS) Output 


Description: 

This part of the output file is produced for each load step and contains stresses and 
strains in each ply of the laminate for the current load step. 
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4.7 Laminate Stress-Strain Relationship (STRSTRN) Output 


Description: 

This part of the output file is produced fbr each load step and contains: 

(1) 3-D composite strain-stress relationships with thermal effects around a plane 
of symmetry at z=0: 
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(2) 3-D composite stress-strain relationships around a plane of symmetry at z=0: 
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4.8 Force*Displacement Relations (CONST!) Output 


Description: 

This part of the output file is produced for each load step and contains the force 
displacement relations with thermal effects: 
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4.9 Reduced Stiffness Matrix (REDSTIF) Output 


Description: 

This part of the output file is produced for each load step and contains the reduced 
stiffness and bending matrices: 



87 



REDUCED BENDING RIGIDITIES 


\ 


m m «■ 
© © © 
• I ♦ 

u u u 
c © ft> 
n -ft ^ 
fg m 
«• ft) *m 
^ r N 

© © © 


•- r* m 

© © o 
♦ ♦ • 
10 10 U3 
m f- cr 
o «- 

O N < 

n C' m 
r- *e «" 

o o o 


CM •" « 
O C O 


10 10 
m it 
in c 

n © 
n w 


© o o 


r*) e v~ 
©co 
• ♦ * 
10 to to 
^ c c 
© r- 
< r 

f ' 1 < s 

h >c 
© © o 


< 

r 

W 

10 

10 

z 

u 

u 


in *e a 
coo 
* ♦ * 
10 to 10 

|T, N C 

*- ** r* 
o «y r> 

C O VC 

ft r, »- 


IM © o o 


o 

to 

u 

© 

o 


ie in r) 
o o o 

to to to 

cm m «r 

*- f c 

J 1 c ^ 
©cm 
r. r, n 

© o o 


88 



4.10 Displacement Force Relations (DISPFOR) Output 


Description: 

This part of the output file is produced for each load step and contains the displacement 
force relations: 




89 



OPCE RELATIONS COHBINED FORCES 



90 



4.11 2-D and 3-D Laminate Properties (PROPCOM) Output 


Description: 

This part of the output file is produced for each load step and contains the 2-D and 3-D 
composite properties. 
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4.12 Current Constituent Properties (PROPCUR) Output 
Description: 

This part of the output file is produced for each load step and contains the current 
constituent and ply properties for each ply of the laminate at the current load step. 
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THE FOLLOWING PROPERTIES ARE FOR SICA FIBER , TI15 MATRIX AND THE CORRESPONDING INTERFACE AND THE PLY 
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4.13 Constituent Stresses and Strains (MICRO) Output 
Description: 

This part of the output file is produced for each load step and contains the current 
stresses and strains in the individual constituents and plies for each ply of the laminate 
for the current load step. 
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MICRO STRESSES (in ksi. units) IN PLY NO. 1 PLY ANCLE 
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nrcno stresses <in ksi. units) in ply no. 3 ply ancle 
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MICRO STRAINS (in X units) IN PLY NO. 1 PLY ANCLE 
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MICRO STRAINS (In * units) IN PLY NO. 3 PLY ANCLE 
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4.14 Ply Thermomechanical Properties and Response (PLYRESP) Output 
Description: 

This part of the output file is produced for each load step and contains the current load 
conditions and the corresponding thermomechanical properties and response for each 

ply- 


iii 



FOP LOAD CONDITIONS * 

nr.nnPANn loads nrs(X,y,xy-w) ape o.ooo o.ooo o.ooo 

BENDING LOADS MRS( X ,Y ,XY-ff ) APE 0.000 0.000 0.000 


U 

10 

X 

o 

CL 

M 

ft 

u 

V 

cn 

ft 


X 

ft 

CL 

O 

ff 


© 


© 

© 



i 

i 

i 

i 

i 




t 

t 

1 

1 

1 

© 

© 

© 

© 

© 

o 

CM 

fM 

© 

4* 

CM 

© 

© 

© C ft ft ft 

ft 

ft 

ft 

ft 

ft 

m 

m 

m 

o 

© 

O 

© 

© 

r* 





i 

10 



1 

© 

© 

© 

o 

© 

© 

© 

© 

© 

© 

© 

o 

o 

o 

© 

o 

o 

© 

o 

© 

o 

© 

© 

© 

o 

© 

o 

© 

c 

© 

© 

© 

o 




i 



© 

1 

4 

♦ 

♦ 

♦ 

♦ 

4 


i 

4 

1 

t 

4 

4 

4 

4 

♦ 

♦ 

4 

4 

4 

4 

4 

4 

• 

* 


4 

4 

4 

4 

4 

4 

4 




i 

Hi 



t 

ft 

ft 

ft 

ft 

ft 

ft 

ft ft 

ft 

ft 

ftUUUUftftft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft u 

ft ft 

ft ft 

ft 

ft 

© 



« <r 

H 


© 

< 

© 

c 

© 

c 

© 

m 

o 

© 

o 

© 

© 

O 

© 

© 

in 

m 

O' 

O 


r* 

*n 

ro 

co 

n 

4* 

ft 

CM 

© 

© 

© 

© 

tr 

ro 

© 



i 

V 

V. 


t 

© 

© 

© 

© 

o 

© 

© 

© 

© 

in 

© 

© 

o 

O 


*■* 

© 

o 

ft 

© 

wo 

© 

© 

CO 

ft 

© 

© 

kfi 

© 

© 

CM 

ON 

r» 

c 



i 

< 



1 

© 

wn 

kO 

kO 

m 

m 

© 

N 

o 

ft 

W0 

© 

© 

© 

CM 

© 

« 

© 

© 

© 

ro 

ro 

CO 

© 

ft 

© 

ft 

© 

© 

m 

»- 

m 

m 




i 

u 



1 

o 

n 

co 

k© © 


m 

CM 

© 


ft o 

© 

O 

CM 

CM 

CM 

© 

CM 

© 

CO 

ro 

CO 

in 

m 

m 

© 

© 

© 

k- 

CM 

© 

© 

o 



i 

*-* 



f 










* 




















• 







» 

• 

i 

10 



1 

1 

1 

© 

© 

o 

© 

© 

© 

© 

© 

© 

© 

o 

© 

D 

© 

© 

O 

o 

© 

o 

© 

© 

o 

© 

o 

© 

o 

O 

D 

o 

O 

O 

© 

o 




t 

* 




1 

1 

1 

© 

© 

o 

© 

o 

© 

CM 

CM 

© 


CM 

© 


4- 

© ft ft ft 

ft ft ft 

ft ft in 

m 

m 

© 

© 

© 

© 

© 



c. 




W> 



1 

© 

c 

o 

c 

o 

© 

O 

o 

o 

© 

o 

o 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

o 

o 

© 

o 

© 

O 

© 

o 

© 

o 

© 

o 



* 

r- 


© 

1 

* 

4 

4 

4 

4 

4 

< 

( 

4 

i 

I 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

4 

# 

4 

4 

4 

4 

4 

4 

4 

• 



i 

• co 



♦ 

1 

ft 

ft ft 

ft 

ft 

u 

ft 

U ft ft LJ ft U 

ft ft 

ft ft ft 

ft 

ft ft ft 

ft ft ft 

ft LJ ft ft |J 

ft ft ft 

© 



ft 


© 

t 

© 

© 

© 

© 

© 

ro 

o 

© 

o 

© 

o 

© 


*■* 

kO 

m 

CO 

O 

<r 

k— 

wo 

CO 

CO 

CO 

4^ 

ft 

CM 

© 

© 

© 

© 

© 

CO 




i 

V 

V 

© 

1 

© 

© 

c 

o 

© 

© 

o 

© 

© 

m 

o 

© 

ft 

ft 


r» 

© 

o 

ft 

© 

in 

m 

© 

ro 

ft 

© 

© 

© 

© 

W 

CM 

© 





* 

C 



1 

© 

lO 

kO 

m in 

in 

o 

© 

o 

cm in 

© 

m 

m 

CM 

© 

© 

© 

© 

© 

ro 

ro 

ro 

c 

ft 

© 

ft 

© 

© 

m 

H* 

»n 

m 




t 

u 



1 

o 

to 

m 

k© 

k© 


kO 

CM 

o 


CM 

© 



CM 

Cm 

CM 

o 

CM 

© 

ro ro 

ro 

m 

in 

m 

© 

© 

© 

k- 

CM 

© 

© 



ft 

i 

to 



1 

© 

© 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

© 

© 

© 

O 

o 

o 

© 

o 

© 

© 

© 

o 

© © 

O 

o 

O 

© 

o 

o 

c 


>* 

i 




1 


















. 
















c 


< 

ft 

i 

• 




t 

1 


































© 


J 

t 




1 

© 

© 

e 

© 

© 

o 

cm 

CM 

© 

CM 

CM 

© 

r» 


© ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

m m m © 

o 

© 

© 

© 

N 

© 



w 

i 

in 



1 

c 

© 

© 

o 

o 

o 

© 

© 

© 

© 

© 

© 

O 

o 

O 

© 

© 

o 

o 

© 

o 

o 

o 

© 

o 

© 

© 

o 

© 

© 

© 

O 

o 



£ 

i 



o 

1 

4 

4 

♦ 

♦ 

♦ 

♦ 

i 

i 

4 

1 


4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

• 

• 

i 

4 

4 

4 

4 

4 

4 

4 



*: 

i 

Hi 


• 

1 

ft 

u: 

ft 

ft 

ft 

ft ft ft ft ft 

ft ft ft 

ft ft 

ft 

ft ft 

ft 

ft 

ftftftUUftUU 

ft 

ft 

ft 

ft 

ft 



£ 

* CM 

ft 


© 

1 

© 

© 

© 

o 

© 

ro 

© 

© 

© 

© 

o 

© 

*— 


m 

in 

O' 

© 

J* 


m 

ro 

CO 

ro 

4* 

ft 

CM 

© 

© 

© 

© 

© 

ro 



ft 

i 

M 

s 

© 

1 

© 

© 

o 

© 

© 

© 

© 

© 

o 

© 

© 

O 

ft 

ft 

a 

t- 

© 

o 

ft 

© 

m 

© 

© 

CO 

ft 

© 

© 

© 

© 

© 

CM 

© 

© 

u 


D 

i 

< 



1 

c 

m 

in 

kO 

in 

m 

o 

© 

© 

m 

m 

O 

m 

m cm © 

© 

© 

© 

© 

ro 

CO 

ro 

o 

ft 

© 

ft 

O' 

© 

m 


m 

m 


U 

i 

u 



1 

o 

ro 

co 

kfi 

k© 

H- 

in 

CM 

© 

ft 

CM 

o 


4* 

CM 

CM 

CM 

© 

CM 

© 

ro ro co m m 

m © 

© 

© 

4* 

CM 

© 

© 

fr 

c 


i 

ft. 



t 

• 





ft 





# 

« 

• 

• 

4 

• 

• 

# 

4 

• 

• 

4 

♦ 

4 

4 

4 

9 

4 

• 

• 




< 

L 

% 

i 

to 



1 

o 

© 

o 

© 

O 

© 

e 

O 

© 

o 

0 

0 

0 

0 

0 

© 

O 

o 

O 

© 

© 

o 

o © © 

© 

O 

O 

o 

© 

© 

o 

© 


3 

>* 

i 




1 











1 
























ft 

C- 

t 




1 


































to 

C 

ft 

i 




» 


































u 

U 

U2 

i 




1 


































DC 

C 

CL 

i 

10 



1 

© 

o 

© 

o 

o 

© 

(M 

CM 

o 

CM 

CM 

© 

© 

© 

© 

ft 

ft ft 

ft 

ft 

ft ft 

ft in m in 

© 

© 

o 

G 

© tv 

K 

X 

CL 

o 

t 



1 

© 

© 

© 

© 

o 

© 

O 

O O 

O 

o 

o 

© 

© 

O 

o 

o 

© 

© 

o 

o 

© 

o 

© 

© 

© 

O 

© 

o 

© 

O 

o 

o 

LO 

£ 

ft 

t 

r- 


o 

f 

♦ 

4 


4 

* 

4 

i 

1 

4 

f 

t 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

i 

l 

l 

4 

4 

4 

4 

4 

4 

4 

1/5 

C 

ft 

t 

Hi 



1 

ft ft 

ft ft ft 

t.l t.l M |.1 14 M ^il Li LI L3 

ft 

ft ft ft 

ft ft ft ft 

ft 

ft 

ft 

ft ft ft 

ft 

ft 

H 

1 

M 

i r 

ft 


o 

1 

© 

© 

e 

e 

© 

ro 

o 

© 

o 

e 

o 

© 

© 

© 

in 

in 

o 

© 


4“ 

m 

CO 

CO 

CO 


ft 

CM 

© 

© 

© 

O 

© 

<0 

ft 


l 


N 


1 

e 

© 

o 

© 

o 

o 

© 

© 

© 

© 

o 

© 

O 

© 


H* 

© 

© 

ft 

© 

m 

© 

« 

CO 

ft 

© 

© 

© 

© 

© 

CM 

© 

© 

CL 

L 

at 

i 

© 



* 

© 

m 

m 

in to 

m 

o 

© 

o 

m m © 

O 

O 

CM © © 

© 

© 

© 

ro 

CO 

CO 

o 

ft 

© 

ft 

© 

© 

in 


m 

m 


C 

c 

i 

L> 



1 

© ro 

co 

k© 

k© 

k- 

m 

CM © 

CM ft 

© 

© 

© 

CM 

CM 

CM 

© 

CM 

© 

ro ro 

to m m 

m 

© 

© 

© 

4* 

CM 

© 

© 

c 


ft 

( 

ft 



» 

• 

* 


• 

ft 

• 

• 

• 

« 

• 

• 

• 

• 

• 

9 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 




ft 

e 


l 

to 



1 

o 

© 

© 

© 

© 

© 

© 

O G 

© 

o 

e 

o 

© 

O 

o 

o 

o 

© 

o 

o 

e 

© 

© 

O 

o 

© 

e 

© 

o 

© 

o 

© 

h* 

u 


l 




1 











1 























ft 

3 

w 

t 




» 


































CL 

ft 

ft 

l 

X 



1 


































CL 

r. 

*~« 

1 

ft 



1 


































< 

•f< 

fr- 

i 

ft 



1 



































c 

ft 

l 

10 



1 


































c 

c 

ft 

i 

ft 


z 

1 


























(0 








£ 


ft 

< ft tO 


o 

1 
























4- 

CM 








< 

0 

O 

i ft 



ft 

1 






ft 


ft ft 



to 

u 

to 


CM 

n 

CM 


ro 


m 

© 

4- 

CM 

CO 


CM 

CO 


4- 

CM 

ro 

N 

X 

ft 

l C 

ft 


ft 

t 



«s 


m 

o 


ft 

a 


u 

u 

ft 

ft 


4- 

4* 

CM 

CM 

ro 

j* 

m 

© 

ft 

ft 

ft 

*■* 

CM 

ro 

ft 

4- 

CM 

CO 


ft 

i r 

< 


< 

1 

> 

u. ft 

X 

z 

x 

ft 

ft 

ft 

m 

L5 

X 

X 

X 

u 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

u 

ft 

ft 

ft 

>* 

•• 


t » 

ft 


ft 

1 

ft 

ft 

ft 

ft 

ft 

fie 

H 

Q ♦-* 

N 

N 

ft 

ft 

ft 

to 

to 

to 

(0 

CO 

to 

to 

to 

to 

ft 

ft 

ft 

X 

X 

X 

X 

ft 

ft 

ft 

O 


ft 

i z 

tt 


z 

1 


































* 

c 

ft* 

i 

ft 


ft 

* 


































N 

«v 

>- 

i >- 

ft 


ft 

» 


































X 

c 

< 

I up 

< 


a 

t 

1 

2 

3 


in k© 

© 

© © 

O 


CM 

ft 


© 

© 

ft 

© 

© 

o 

H» 

CM 

ro 


m 

© 

ft 

« 

© 

o 


CM 

CO 

O 

X 

ft 

> cl 

c 


o 

1 










H* 

t- 


*- 


4* 


T- 

4- 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

CO 

CO 

(0 


112 



CL23 0.3355E*07 0.3355EVo7 0.3355E»07 0.3355E*07 


1 


© 

© 

o 

4 * 

o 

4* 

© 

© 

© 

© 

e 

© 

o 

© 

r» 

CM 

vc 

© 

© 

10 

10 

iO 

10 

IO IO 

vr 

o 

4* 

4» 

io 

ro 

© m «o 

10 © 

G 

© 

© © 

o 

o 

c 

o 

c 

© 

© 

o 

© 

© 

© 

© 

c 

© 

o 

© 

© 

o 

© 

© 

© 

© 

© 

o 

o 

o 

e 

© 

© 

e 

o 

o 

r- 

© 

© 

o 


© 

o 

© 

© 

© 

* 

4 



4 










* 


♦ 

♦ 

4 

♦ 


4 

♦ 

4 

♦ 

t 

♦ 

♦ 

♦ 


1 

i 

♦ 

4 

i 

i 

4 


♦ 

♦ 

4- 

IC 

LC 

tc 

tc 

u 

LC 

w 

u* 

tc 

tc 

tc 

ic 

LC 

lc 

ic 

tc 

LC 

tc 

lc 

tc 

tc 

ic 

uuu 

u 

tc u ic tc 

u u u u 

tc u 

U 

uuuu 

co 

m 

ro 

VC 

m 

© 

VC 

© 

C 

c 

c 

c 

c 

c 

© 

o 

r* 

© 

vr, 

© 

10 


r» 


*• 

© 

CO 

o 

o 

© 

© 

o 

4* 

*- 

»o 

o 

© 

o 

© 

© 

o 

«c 

«c 

csj 


cm 

© 


© 

c 

© 

o 

c 

© 

c 

vc 

© 

ro 

© 

© 

© 

© 

© 

4- 

•- 


© 

© 

© 

O 

© 

© 

o 

VC 

vc 

CM 

o 

m 

o 

© 

© 

© 

co 

n 

CM 

o 

tM 


cc 

© 

© 

© 

© 

c 

c 

c 

© 

o 

pv 

VC 

VC 

CM 

© 

CM 

VC 

vc 

© 

o 

© 

o 

c 

© 

© 

4* 

io 

co 

© 

4- 

© 

o 

o 

o 

o 

ro 

to 

m 

a 

CM 

© 

<N) 

<N 

© 

o 

c 

c 

© 

c 

r« 

to 


CP 

(N 

© 

CM 

© 

*- 


T" 

CM 

© 

4* 

•- 

4* 

10 

r ( 


*• 

10 

© 

o 

© 

© 

© 

o 

o 

o 

© 

© 

© 

© 

© 

© 

c 

c 

o 

© 

o 

© 

e 

© 

o 

© 

O 

© 

© 

O 

© 

© 

© 

© 

o 

o 

© 

© 

o 

© 

© 

© 

© 

o 

o 

© 

o 

© 


© 

© 

© 

r- 

© 

r- 

© 

© 

© 

© 

© 

© 

© 

© 

4* 

CM 

vC 

10 

IO 

10 

IO 

IO 

10 

10 10 r* 

© 



CO 

m 

o 

ro 

fO 

m 

© 

o 

o 

© 

© 

O 

c 

© 

© 

© 

© 

C 

© 

© 

C 

C 

© 

© 

© 

c 

© 

© 

© 

o 

© 

© 

© 

o 

o 

© 

© 

o 

o 

o 

o 

© 

o 


© 

© 

o 

© 

© 

o 

© 

o 

o 















♦ 


4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

4 

4 

+■ 


i 

t 

4 

4 

t 

4 

4 

4 

4 


4 

lc 

ic 

ic 

LC 

IC 

lc 

ic 

ic 

LC 

ic 

LC 

ic 

ic 

1C 

1C 

1C 

1C 

LC 

LC 

LC 

1C LC 

LC 

L' U U U U 


uuuuuuu 

1C 

LC 

LC LC 

LC 

n 

to 

to 

vc 

(O 

© 

vc 

c 

c 

© 

C 

© 

c 

© 

© 

© 

T— 

© 

m 

© 

IO 

P* 

r* 



© 

io 

© 

o 

© 

o 

© 

4* 


IO 

© 

CP 

© 

© 

© 

© 

CC 

© 

CM 

4* 

CM 



© 

© 

c 

© 

© 

o 

c 

vc 

© 

fO 

© 

© 

O' 

© 

CP 




O' 

CP 

O 

© 

O' 

O' 

o 

VC 

VC 

CM 

© 

© 

o 

© 

o 

© 

ro 

p“ 

CM 

© 

CM 

© 

© 

© 

o 

© 

c 

© 

c 

c 

vc 

c* 

© 

VC 

vc 

CM 

VC 

CM 

V0 

VC 

VC 

o 

o 

o 

o 

© 

© 


ro 

m 

IP 

O 

* 

o 

O 

© 

O 

ro 

n 

CM 

© 

CM 

c 

CM 

CM 

c 

© 

c 

c 

c 

c 


n 


© 

CM 

© 

CM 

© 

r- 



CM 

O' 

w- 

4- 

V“ 


10 


T» 

r- 

O 

Os 

o 

© 

o 

© 


© 

e 

© 

o 

© 

o 

o 

© 

© 

o 

© 

© 

© 

c 

© 

© 

r 

© 

© 

© 

© 

o 

o 

© 

o 

G 

© 

o 

© 

© 

© 

1 

0 

1 

o* 

i 

0 

1 

© 

© 

1 

O 

G 

© 

© 

© 

o 

fp 

N 

c 


© 


© 

c 

e 

e 

c 

© 

© 

e 


CM 

VC 

m 

10 

10 

m 

m 

10 

10 

10 


© 

vr 


ro 

fO 

© 

m 

IO 

to 

o 

o 

© 

o 

© 

© 

© 

C 

c 

© 

c 

© 

c 

c 

c 

c 

c 

c 

c 

c 

© 

c 

© 

© 

© 

o 

© 

© 

o 

© 

o 

© 

© 

© 

o 

© 

© 


© 

© 

o 


© 

© 

© 

o 

c 

4 

4 

* 






4 





*• 




4 

4 

4 

4 

4 

4 

4 

4 

t 

4 

4 

4 

1 


i 

4 

4 

1 

1 

4 

4 

4 

4 

4 

LC 

LC 

tc 

1C 

LC 

LC 

: ’ 

1C 

LC 

LC 

LC 

LC 

LC 

1C 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC LC 

LC 

LC 

LC 

LC 

u 

LC IC LC 1C 

u 

LC 

u 

1C 

LC 

LC 

r* 

r. 

ro 

vc 

r- 

C" 

C 

© 

© 

C 

c 

c 

c 

c 

p. 

O 

r» 

P> 

10 

fp 

IO P> 


4» 

r- ^ 

n 

© 

© 

o 

© 

© 



VO 

o 

O' 

© 

© 

© 

© 

© 

c 

CM 

e- 

CM 

© 


c 


c 

© 

c 

e 

c 

v£ 

© 

ro 

C 

© 

O' 

CC 

O' 

T» 

1- 


ON 

ON 

© 

© 

O' 

O' 

© 

VC 

VC 

CM 

© 

« 

o 

© 

c 

O 

m 

CO 

CM 

© 

CM 


© 

© 

c 

c 

c 

c 

c 

c 

VC 


rv 

vc 

vc 

CM 

vc 

CM 

VO 

vo 

VO 

© 

© 

© 

O 

PN 

p. 

w* 

m 

IO 

P* 


CP 

o 

c 

o 

© 

co 

CO 

PI 

© 

CM 

© 

CM 

CM 

© 

© 

© 

© 

© 

© 



T“ 

O' 

CM 

fP 

CM 

IP 

f- 



CM 

CP 


T“ 

nr 


m 

r* 


VP* 

IO 

ON 

© 

o 

© 

o 

o 

o 

O 

O 

O 

o 

O 

© 

© 

o 

o 

© 

© 

© 

© 

,o 

i 

© 

© 

© 

o 

o 

d 

o 

© 

o 

o 

d 

O 

© 

O 

l 

0 

1 

0 

1 

© 

i 

o 

© 

1 

0 

1 

e 

© 

o 

e 

o 


p. 

fM 

o 

*- 

© 

4* 

© 

o 

© 

© 

© 

© 

© 

© 

© 

CM 

VO 

10 

IO 

IO 

10 

IO 

io io m © 

© 


O 10 

10 

© 

10 10 

ro 

O 

e 

o 

o 

o 

e 

o 

© 

© 

a 

© 

© 

© 

c 

© 

o 

© 

© 

o 

c 

o 

© 

c 

e 

o 

© 

o 

o 

o 

o 

o © 

G 

o 

o 

o 

e 


o © 

o 

O 

© 

o 

o 

c 

o 

4 

4 

4 


4 



4 

4 


4 

4 


4 

#> 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

4 

4 

4 

1 

i 

i 

4 4 

i 

4 

4 

4 

4 

4 

4 

IC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

1C 

LC 

LC 

LC 

1C 

1C 

1C 

1C 

LC 

LC 

LC 

ICCCICICICLCICLCICICICICIC 

U Ll U L3 L3 

tc 

r*< 

m 

CO 


P“! 

O' 

vC 

CC 

© 

© 

C 

o 

© 

c 

© 

c 

** 

p. 

IO 

CP 

10 

Cm 

r» 


«- o 

CO 

© 

© 

© 

o 

o 

r* ^ 

10 o 

© 

o 

© 

c 

o 

CC 

© 

CM 


CM 

CC 

*- 

© 

© 

c 

c 

© 

C 

© 

© 

© 

ro 

e 

tc 

© 

© 

O' 


r* 

r © 

© 

© 

o 

O' 

© 

© 

V0 V0 

CM 

O 

© 

© 

o 

© 

o 

fO 

ro 

CM 

e 

CM 

O' 

c 

CC 

C 

o 

c 

o 

c 

© 

© 

c 

rp 

VC 

VO 

CM 

v0 

CM 

V0 

© 

© o 

© 

O 

o 

fp 

rp 


OOP 

© 

© 

o 

© 

© 

© 

fO 

fO 

CM 

O' 

CM 

c 

CM 

CM 

o 

c 

c 

e 

c 

C 

© 

ro 


O' 

CM 

fP 

CM 

fM 



r © 

On 


o 

*- 


IO 

r- r* 

r- 

o 

© 

o 

© 

© 

© 

o 

© 

© 

o 

© 

o 

o 

o 

© 

© 

o 

© 

o 

© 

o 

© 

© 

a 

O 

O 

o 

O 

© 

o 

© © 

O 

o 

© 

o 

o 

o 

o o 

© 

© 

© 

o 

o 

e 

o 


• III 


n cm 

*c -j 
c c 


.f © © 
ro m ro 


CM 

«. 

ro 


ro 

CM 




r* 

CM 

fO 

U 

o 


u 

►- 

CC 

r- 

CC 


CO 

V) 

w 

© 

< 

IC 

H 

o 


IM 

CM 


CM 

CM 

w 


g 

© 

10 

ro 


CM 



CM 

IO 


CM 

ro 

•c 

-J 

mm 

u 

L. 



CM 

CM 

ro 

ro 

CM 

ro 

to 

Q 

CM 


tt 


CM 



CM 

r» 

L> 


H 


CM 

CO 

J 

C 

•C 

c 

■C 

c 

ml 

ml 

ml 

< 

< 

< 

c 

z 



CM 

IM 

ro 

ro 


CM 


CC 


IC 


to 

(0 

© 

C3 

© 

U 

ml 

CJ 

U 

C9 

CC 

L5 

© 

zc 

z 

5 

z 

s 

Cm 

Cm 

Cm 

H- 

f- 

H 


L. 

ml 

-J 

ml 


•j 


•c 

u 

ml 

CO 

ml 

c 

LC 

Cm 

tt 

tt 




IC 

u 

tt 




2 

z 

z 

Z 

z 

z 

c, 

c 

c 

© 

S 

CC 


r- 

© 


tc 

M 

w 

to 

10 

CO 

CO 


X 

z 

tt 

LC 

IC 

IC 

© 

© 

© 

Q 

z 

X. 

© 

© 

© 

n 

c 

© 

© 


CM 

ro 


10 

© 

N 

tc 

© 

© 


CM 

ro 


IO 

© 

N 

tt 

© 

o 

4* 

IM 

10 


© 

© 

N 

m 

© 

© 

r* 

CM 

10 

«y 

© 

CO 

10 

ro 


«r 



c 


C 




10 

10 

IO 


10 

to 

10 

© 

10 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

fp 

© 

IP 

fp 

© 

© 


il3 



4.15 Stress Concentration Factors (STRCON) Output 
Description: 

This part of the output file is produced for each load step and contains the stress 

concentration factors at various positions around a circular hole in an infinite plate 

arising from stresses, a . a , and a . 

xx yy 
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4.16 Notation and Units 


The notation used in the output file along with their corresponding units are presented 
below. 


1 Symbol 

Units 

Description 

AL, ALFA, or CTE 

ppm/*F 

coefficient of thermal 



expansion 

C 

psi 

stress-strain relations 

CP or HH 

Btu/lb 

heat capacity 

CSN or NU 

in/in 

Poisson’s ratio 

D 

| 

mils 

fiber diameter 

DOTH 

psi/sec 

stress rate 

E 

psi 

modulus 

EPS 

1 

i 

% 

strain 

G 

psi 

shear modulus 

HK or K 

Btu/hr/in/*F 

thermal conductivity 

KF 

. 

— 

fiber volume ratio 
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KFB 


apparent fiber volume 
ratio 



KV or KVOID 

- 

void volume ratio 

RHO 

lb/in 3 

weight density 

S 

psi 

strength 

SC 

in 2 /psi 

strain-stress relations 

SIG 

psi 

stress 

T 

in 

thickness 

TEMP 

i 

•F 

temperature 

TEMPM 

*F 

melting temperature 


THCS 


(degrees) 


angle from structural axes 
to composite material axes 






























THLC 


• (degrees) 


THLS 


• (degrees) 


angle from ply material 
axes to composite material 
axes 

angle from ply material 
axes to composite structur- 


al axes 


ZB 


in 


ZCG 


in 


distance from bottom of 
composite to reference 
plane 


distance from reference 
plane to ply centroid 
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Extensions 

Description 

A, B, C 

subregions of the unit cell 

F, M, D, L, C 

fiber, matrix, interface, ply or composite 
related quantities 

T, C, S, TOR 

tensile, compressive, shear or torsion 
related quantities 

0 

reference temperature related quantity 

11 

direction along the fiber 

22, 33 

directions transverse to the fiber 

12, 13, 23 

shear directions 
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5.0 Constituent Databank for Demonstration Problems 

The constituent databank contains the room temperature material properties of the 
constituents (fiber, matrix, and interface). The databank used for the demonstration 
problems is presented in this section. An echo of this databank is also generated by 
default in the output file (Sect 4.1) in a more convenient format. 
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